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Experimental study on turbulence characteristic height near bed area in open channel flow with submerged
vegetation//YAN Jing'?, CHEN Yang’, DAI Kun’, ZHANG Ming’ (1. State Key Laboratory of Hydrology-Water
Resources and Hydraulic Engineering, Hohai University, Nanjing 210098, China;2. College of Water Conservancy and
Hydropower Engineering, Hohai University, Nanjing 210098, China;3. Guang Dong Yue Gang Water Supply Company,
Shenzhen 518021, China)

Abstract: In order to investigate the relationships among the sudden variation positions of vertical distributions of turbulent
statistical parameters, the zero-plane displacement, and the penetration height, laboratory flume experiments with
submerged rigid vegetation were carried out. Aluminum cylinders were used to simulate rigid vegetation and laser Doppler
velocimetry (LDV) was utilized to measure the flow fields. The characteristic heights, determined by longitudinal velocity,
Reynolds stress, local drag coefficient distribution, respectively, and the penetration height are discussed to compare their
relative positions and analyze the effects of vegetation density and submergence on them. Experimental results show that,
under high-density conditions, velocity along the vertical direction nearly remains constant, the gradient of Reynolds stress
is low near the bed, and the sudden increase positions of the gradients of velocity and Reynolds stress distribution can be
easily determined because distinct variations of their distribution patterns exist at certain heights. The influence of
submergence on these characteristic heights is not obvious. Compared with other characteristic heights, the one determined
by Reynolds stress is most approximate to the penetration height. Moreover, penetration height increases with the increase
of vegetation density and submergence. Penetration height has a linear relationship with the zero-plane displacement.

Key words: open channel with submerged vegetation; flow heterogeneity; turbulence characteristic height; penetration
height; the zero-plane displacement; experimental study

TR R ] i A 25 ZR e 1 T 20 R 43, A
AHEACHINE . AN 5 B 5 A T REAS
SRR 1 RE ), A I A K T 5 AR B
AE T A REL ) AR R R R R RS ST e v
R AN AT T G K R G AR T R 3 A A
W, S5 TR B0 2SR AR, OR B2 Y IR B
WIRBE YR 0 B2 R S B A Y
AEZSTE Y

FETH B R A RPFEHAS (51579079,51239003 ,51125034 )

EAEYIZRAE T B WIS BN, 5 HARURE PR 1rd 1D
IRV HA —E BAR I, RI7E 2 1] HA B8 A A
PSPV 22 3 A T 1) 4 L S HEA T 431X
TE45 X PRI G AT 7S ok 5 H 4 B 3R 3R U 45
BEATHIE . BIF9E R T Bl o0 A7 AEANTR] (932 3 WL
(PIXAN=1X) , 15 X 3 73 (9 73 X 5 R Aol — 2, BT
REP T A R 0 S W 3l 23 D L J= AR ) )2 LA
DK, o S B RTT A ZR R TR A R SR

VEHZ A, EE#(1980—) , &, R # 4% ,J@i S TR IR Z W 2 S sh R E-mail ; yanjing@ hhu. edu. cn
- 28 - KA K, A ,2016,36(5)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn



A GREER KA, /3 P E DL B (L )ZE DL E X))
DITRE ST DIED 0 7o TENN ' 73 2 <) B T B LW Z N ]
X BRI | A K X, 453 DR AT 8 28 B Y
B RE AR LG — IR X = XK skl 4
LRI XA F 30 P E Ei-Hakim 45110 A J2 3 1
FI PR THD 2 7K T G i 2 e 1 i A2 2 A IR
13 & , Carollo 45" Ak J& i 18 1 PR THT 22 /K THI FF & 324
PEXTE AT R RS 5 PR 3 B 1 A IR
T X AN T A TR LR o SEBR b, &
) BH 2 ) — A S 2 A R TR AP T O 3, R A
Y1 JEF KR E A Bk " 774 Kelvin-Helmholtz 7%
(AR KH i3) ' KH I8 3 7 AT 7 1 A 7
o] TR IR BIRE RS B AMYE — &R,
Nepf %P0 KH & i AR )2 09 30 5 BT 7 o &
VE A JZ DN 1) 58340 X (e S R T X)) AR ) )2
A [ 5248 X (KH 3 T 20 54 240 ) T s X 30) 19
Fto R, TR AL E KT, 2K R N
TR, Tang 55" R BUTEHE VA2 PO, il
Yy JR ek BEL g 28 88003 A FLAT W 0 2 1) 70 DA AL BE
8 A5t b S W B g 10 i [ R AN X 5 1

IR T S R TH X AR T
JRITSBE 7 28 B [ 3 A KR & AR U A BB
J WRZE VR AR Y i () AN S 28 R A R
L PR R JRE PR A 2 UL A T R 8 B (LR 45 it
kg B2 7R VO R AIE v SR S BE T AR BRI
E) KB 5 m BEFR A 25 T 4 B R AIE e B, T 3 48—
PR Ry 28 TR 25 E

A5 18 [BAT: 5 e A AUA I P AL, R TR0
Z2 I A (LDV ) BEAT U 37 I 4, R ey O L 7
VAT AR RE T 2R Ko A7 1 R B0 3R R I
e B 5805 i BE R AT LU 3, LA 23 B AR ) 25 J3E R s
T EXTX B SEG Y S, JE IR 05 3% i B2 5 BB IR
T o B Z TR O AR

1 ERFHIESEREBETE

1.1 REHUESE

— BT, P W VA ) ) R 7K I A A A 1) —
AR RURAFAE B 5, O T o A 4 A it
T RR R A A RBU TR T, A e e
HB A B AR W R A AT R T DX, 97k V3 [ AR A
BN, AT LGE LB ER B B KRR, i
SUTTE [ ) PR AR B )P T AR AR AE S AR
AR GEAL i, A SO e sl 6 B2 BV dU/dy (U
st [R) A5 [ADRCF-34 I i DN a1 - 34 it y A5 PR T 1Y)
PR ED) FE ] 5347 5 IR 3G AL i1 B2 VR s R AT 5y
B ACHE v, , 0 dU/dy-y RN, FTHIE v, 0

1.2 BENABIESE

TN )53 A RE A S K I 21 £ 28 8 1Y) ) SR
JE o TEAEY 0 B30, B I T IR B KB, TEAE
W) | B I AESE S R T DX N AR A FE R —
7 AR TS Bl PN A2 AR BE HE R AR SORE B
o IA BE —d wo/dy (w A1) K Bl v S 3 ] Jik
Bl ) e (6] 73 A1 5E IR 8 AL 1Y 15 B2, A R A
JIRHE R B ICAE v, il —d wo/dy-y KR IMZR, 7T
BSE ¥ o
1.3 BEHENREHTESE

JRITBE ) R EL C, BEBS i IR AE W BH 1 1 SOWL A2
Ak, BEREH 56 R 7K i (A BELA B2 . Tang 451 R
AR AL NI A ), 45 B K A R AT SR 4 i
IR IT 10 #6752 T3 538 B g 1 Rl L R By 3t
AA.
2(1 —%dva) (gs—%) o

al?

A €, M € 35 Ty RIS B 35 Y JRy S RH
FHGd, AR EAR ;o R R BT K AR
P RRE R IR S SR ;¢ I INE

RIGIFTE R, €, 13 2R 50 A7 78 5 3T IR 1
DI AL Ry 8 5, B R R B — i, € 2
SRR N . 4 C TR IR K Z Ak
FEE VR R R BE ) R BRI S AR v
1.4 BERE

A K AAE T KH 54 i AR 4 190 B
UEAK L Bl A e 5 5 YR , HORUEE K/ heE T
BUIZARE K KH iR AFEY)Z B i B
TESCHB BRI b, ,Nepf %17 B 10% (1 55 KB T 1o
FIZ AT R BE R . Nepf % PR AT 20k
SE SOBIBEGE 6, (B KH Bk AR Z R |

Ulr
o = aU/ay, _, (2)
A U, S TE S B AL R EAE 0 U/ 0y, R
ST A A VIR R
i

CDL = CDg + CDs =

BB NG E IR AL -
h,=H, -8, (3)
Kb H, R, b, 56, BRRRE 1,
= y=H
U
- uw)
S W L 24
-
y=0

1 EERESSEREXRTERE

KA K, A ,2016,36(5)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn - 29 .



Nepf 551 PR TR TR , (A 2R 89 1)
77 A TR 5 SRR FROTUNT 25 Bl 0 P R A L SR
HR AT AT (2) AT HE S, N ER SRR 1 £
EARHLUF R,
8(: Cy
E - CpaH, )
K. €, WYKL T R E Cy WE R8TV 22
B2 U 0U/0y,, Cy Ko BIRREL, 2978 0.23 +
0.06, HAFGEERN CpaHl >0. 1, K S, =
2,33 2 PR Sy i I 5 A BB TR B, KHL T g
A= HLRE R & R AN 32 K i R G SRE, 5
4b, Luhar 2" $8 U 7E CoaH, = 0.1 ~0.23 (¥4 75
WL KH #8588 MY 2 B A KT, Bl S, = H
h, <0, ASCRHAN(4) 115 8, , o €, i Cheng
SEUOTBR K SR A BT IR E
1.5 BRKESE
AR Z BT F W 200 e 4 T e 0 4% B 5 RS o g EE
d FCYEDRDRS = Bk, PR, B A A B R K i i 2 Ui
BRI AT T A A A Rk T .

E:ilnyk;‘hc (5)

u, K .
K ou, HEERHT S ; « A RITHEL 20 0.4;C N
5 IR S5 A SRR 8, 2R 8.5,

— Iy, XTSI - X 3 T e A 5 X
BAEHATHE  FTUE w, d AR ko B B R
A A BRI TN, SRS T e ™

TEZ8 g 2 SR R TH & B 5 2 K8 1%
MRS B2 BRAS A R F AR A TR T 28 sl 224
e 2 K b e U IR S Thom ™ ARy 38
PRIAT o1 B AR A YRR HIOK i 3 52 11 2 B2 R X
FIBWT .

JHV @9’ Y

d = Jo dy” 7

=
0 dy

AR AT (6) AP R 1 v B
2 REEEMAEFE

2.1 RERE

BIGFEK 12 m 8 0. 42 m 15 0. 7 m [ A A3 A0
TR KA P AT KRG NE 2 iR, KiE gt
FIAN B 7K it LT AP RS K U, i i T [ i AT
KA TIKAE NI KR ALY E RN -5% ~3% ) 45
KA R T TFF BRI T KR . KR ISR A 1 )2
JRIBHR AR TET A Bl AL, T LA & A AU, K 7
4R 2 HEFLAY T A 5 em , 5 ) AH 4B 2 HEFL R B
Hlem, KHEER6cm, HAL N 6 mm W R

(6)

REFANI A P, AT B B2 8 m, A% 55 HE
G, AT R OG22 5 I A (LD V) I B YO
BEEOR AU YK T 10 [RIFE S, 3428 5 em , fi[n]
[BIFE S, 73504 1 em 2 cm Fl 4 em, LA A [FAE )%
FERTTEER SR 28 2 A i 7K A3 DA 1) P I O
FHN S, W 2 AR LK Ak 2 m AR
B K AL 2 m A IR I KA, RS B2 A1 mm
K FH IO, M55 A B 28 RO Ab B 2R 58 21 AT
() LDV ZRGEI 53 7 , R R A 2350 [ KBk 100 ~
200 Hz, RFERTE]2H 30 s,

KR ELHL
______ D A R
AR B T
AR ligie3 _
7J<y§_: IR

B2 KERZREE

2.2 R FIRIE A iE

IR ERENE [ /K 17 (8. 4+0. 075) m Y 3 >
T A g 00 S A DRI T, R T B EE R A A T 2
SREEL AT I 5 | XS 52 30 BE 5 1) 31 [ DY ) 4
PEHEAT 3 AW A in) 25 (R F-1 alge l T
PRUEHOEES % 5 0 3 ) 2 SO FE A H oK LA
T R L, HEETE 1. 5 em<y<H-1. 5 em [EHIN
HEAT 4D i (H KR, HA KR BN o — 4
N (BN 8 K O T [l K ) BEER I N TR
I 7 R R X E LS AR 2 o K
FEWFE L,

3 RBARSITE

3.1 EMBHESE

I FH 3 3 A A5 80 8 R 28 A8 il 42, T A
NG RHAE Sy, (B 3) 5 B B o ) 531 75 5
TN e B 2 A i 4, 2 T A5 B TR A N TR AE
JE oy (E4), 5 J&3 FORREIRE Y% 4 0F F 2R
]t 3 B R AR BE ) R AL A A B HRAE
TR (LLAH RV P B T A2 B2 G2 M), B
BEREERHAR ) e, BERERAX(4) #E,
AR SR Cy 78 0. 167 ~0.290 LI, €, 1
1.08 ~ 1. 87 LA,

TR RGO (A ZR51) 76300 PR I X 35
TR JLF- DR 85, T v I B B AR/ | b 2 T
[ By B3 K TE vy oy o A0 U S0 B 10 ) A 3
SR, NI AT AE v, By 5 RELOD 86 FEE AR5/ N
TEBLR (C 5, IR 1T DX 8l 37 3 B i o 0

+30 - KA K, A ,2016,36(5)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn



OMAE K 5 A R,y Ly BOMERRE, N

Xt LA MAR Y 4 R B R R EE D R B A, K

Fl5(e) B, BAFR G €,y R T 2 5y b 3% B D/ B KL
x1 SREEKES SRS EYE
, KB i . , BT Gz - BEmEEE R g
C10-3 o UL S
TR e gy IOy pengr R T e TS
Al 12 14. 40 12. 82 0.2857 3. 005 0.263 1 12 2
A2 18 23.22 4.80 0.3071 4. 845 0.231 1 12 3
A3 24 30. 24 2.21 0.3071 6. 460 0.200 1 12 4
A4 30 36. 80 1.21 0.3000 7. 888 0.175 1 12 5
B1 12 14. 60 7.20 0.2897 3.047 0.267 2 6 2
B2 18 22. 68 3.05 0.3000 4.733 0.226 2 6 3
B3 24 30. 24 1.50 0.3000 6.310 0. 196 2 6 4
B4 30 36. 80 1.11 0.2921 7.679 0.170 2 6 5
Cl 12 15.12 3.73 0.3000 3.155 0.277 4 3 2
c2 18 22. 68 2.60 0.3000 4.733 0.226 4 3 3
Cc3 24 30. 24 1.09 0.3000 6.310 0. 196 4 3 4
c4 30 36. 80 0. 65 0.2921 7.679 0.170 4 3 5
0.06 - 0.06
0.05 | 0.05 L
0.04 0.04
g 0.03 | £ 0.03
B =
0.02 0.02
0.01 0.01
. . . . . . 0 oy
0 0.05 0.10 0.15 0.20 0.25 0.30 2 0 2 4 6 dl§ 10 12 14 16
Ul(m-s™) W/S'l
(a) VATiE 53 A1 25 (b) i IgAH £ 2%
3 MERFESEMRE (TR A2)
0.06
0.05
0.04
0.03
£
= 0.02
0.01
L L L L L | 0 1 1 I 1 1 )
0 0.001 0.002 0.003 0.004 0.005 0.006 -02  -0.1 0 0.1 02 03 04 05
-u_v/(mZ-S'Z) dy /(m-s )
(a) T VLY. F1 73 Aii 2% (b) T W Y. F1 86 2 1 2%
B4 TENEAFESENHE(IRL A2)
—o=CpL = U & uwy
Ul(m-s™) Ul(m-s™) Ul(m-s™)
0180 0.10203 o.4=0,5 B8 - 0010 010203 0.4._0.5 0.1 0.1g0:1 0.2 03 0.4._ 05 (g
015 ity 015 Fooonspy 015 i 015 f,
0.12 i 02| B 0.12 f o2t M 0.12 £ o2} %
E foe N E /i = kY £ LA 1,
= 0.09 ) = 0.09 ‘AA = 0.09 _.-' = 0.09 = 0.09 I = 0.09 A
0.06 o\o,,ofo: 0061y ™. 006 o o 0.06fy, , anit 0.06 wﬁg%ﬂ 0061 ‘i.“ﬂ
3 =4 4 g iV ph
0.03 "fu o 0.03 [F 0.03 L 0.03 [ +%hp 0.03} & o~ 0.03 | o*
{ ) L85 , f
OIS 3a s 6 00 000200040006 0 05 L0 15 2.0 0 0.002  0.004 0 0510152025 0 0.002 0.004
Cou - [(m?-572) Gor -av [(m?.s°2) Gow -y [(m?.s°2)
(a) T-HLA2 (b) T B2 (c) T.#hiC2
Es5 AREVEETENRE.SENN . BHMENRIAIFTURFESE
KA KA & ,2016,36(5)  Tel:025 -83786335  E-mail :jz@ hhu. edu. en http ://www. hehaigikan. cn - 31-




#,B.C R C, IR XK, J5H 5 Tang
AR EE e — 3, X T RE R B T AIRE: A BRI
FHA LYY 25 12 55K (Tang 251 R F B9 ML W) 25 2 45
INTABGE A RIVMEWERE) o 18y, &b 3 R
Co YUy J7 ) 3B WG R

29T A RIIAFREET 4 FRE S
B, MNGR2 W IE R RS v, oy e BETE
FERALIEA I, B A RIETRFE S v,
Yo Ye 3 b, WIR 22T 43 HEIRIE 31 33 2, LAAr A
4 FPRHIE R B 2 B Y 25 S, A5 IR R H VA I TR
MRy, SBERE b BN,

2 ARIAAEZETEEZERHESE

m m m m p p b

Al 2 0.0425 0.0425 0.0400 0.0416 2.16 2.16  -3.85
A2 3 0.0400 0.0400 0.0350 0.0454 -11.89 -11.89 -22.91
A3 4 0.0450 0.0450 0.0425 0.0466 -3.43 -3.43 -8.80
A4 5 0.0400 0.0425 0.0425 0.0470 -14.89 -9.57 -9.57

¥fH 0.0419 0.0425 0.0400 0.0452 -7.01 -5.68 -11.28

3.2 BEYEESHELEXNSERENIIT
ARG A B RINMRIE A (3) FI(4) BE M b,
Qb X VL 1) T o N T, R SE T 10% 19 e K TR
F, M RK T X —H, H 2R 50% B & K5 N
I fATHETS R R A ) (R R ER A AU SR M A )
HEAT KRB b, AR XS R 8 55 1 1V T 2498 5% 1Y) i
TN 1 A HAR SC, (T HE ) 55 Nepf 45117 (2%
RUCHHET, T by, WHRE S 598 1 43 A1 )
ﬁ%?ﬁHL—iﬁﬁo
AR C R CaH, FIEFE 0. 196 ~0.213 7
EIW TR AR B AR N BB S h, <
— 455 Luhar 258 456 —30, Bl 6 K3 ﬁ‘
&f?,{%ﬁmmﬁﬁ&f“ﬂ/y}zw M 6 AT LLE
b, BEAE AR R A 1S TG K, R B AR Y o
HR A KH Wi AYEZ, 540, t C RS
FIB R B BRI A R Y RN
A% SR A, I B0 22 B0 M ) S5 R B2 1 1 KR B
M C FRINE B R b, BIEIEI S RT N B #5115
A RHNIGIR l’ﬂmﬂi’%ﬁﬁ 2N < B N N i

0.06 . = ARSI e—BRS| -4 CHRSI
0.05
0.04

£ 003
= 0.02
0.01

0

-0.01

20 25 3.0 35 40 45 50
Sub

6 EESEMEREMENEEHNEN

E TR S KM K (H AR (IR BE3E /N
3.3 SESESERAASENXE
Luhar %" 8 H R AR S H, BT E N
REE,d 5 h, FAAEUTF LR
d 6. 1 h

a I
H, I- 2H, ) 2H (7)

Nikora 2SR FHS7 7 1 | [ BR 45 Rl o ASE POURL ARG
PRIAT, 38 2L KA S0 I KH i 1) T i 5 5 LS IR
T o TR LT 5 A, W e TR

d o, h,
TR S ®)

PN E BN b, 5 d R EIER R, £3
%ZIKLEE%%TKR{’/A‘ﬁmV 55 R PR T R I

B,
®3 BEHESERKESEITHE

T h,/cm d/cm T h,/cm d/cm
Al 4.16 4.69 B3 3.07 4.66
A2 4.54 4.68 B4 3.16 4.41
A3 4.66 4.71 Cl -1.04 4.02
A4 4.70 4.69 Cc2 -0.09 3.90
B1 2.71 4.69 C3 -0.07 4.05
B2 2.89 4.70 C4 -0.05 4. 04

KARES d/H, 5 h/H, BERUKLAR(T)
(8>1+3%;?*%HHT%%HEI 7. WNE 7 o LLEH A
RIRFAFTH by, 5 d BIFH IR AT 2L R

d _ hy g
H =0.6912 +0.1317 i (R°=0.8899) (9)
— AR @) ELE R
10 AR ITHELER
------ RIGTULA Mk
08 . Sl S
] 06 | g °
=
S 04t
02}
0 . L . . . 1
04 02 0 02 04 06 08 10
holHy
E7 SESESELKASEXER
4 &# i

a. FEAEY)S KRB LT, 3 PR T DX 2 )

BT AL, T IR AR AN TR R
AL IR B R A I TR B R AR T X

BT I ZE AR 5 B R AN

b. AHHCHABRRAE &5 B, B )RR Sy
SBiERE b, EINE,

c. {”A‘Jﬁmr h, BERE ) 5 A T A8 8 DR
R,

-+ 32 - KA K, A ,2016,36(5)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn



d. 1EAREE A0 T & B SRk R
BiERE b (KH A N5 SEE IR E d 2
SRR LR

S Xk

[ 1] W, 20, 2H0, 5.3 MK A R ik B A
WA BRI [T ], R A 24 ( TR R
2FRR) ,2013,45 (3] 2) ; 97-101. (QIN Leilei, LI Jia,
LI Chunling, et al. Study on three submerged plants’
purified effect in domestic sewage[ J]. Journal of Sichuan
University ( Engineering Science Edition) , 2013, 45 ( Sup
2): 97-101. (in Chinese) )

[ 2 ] WANG Hao, TANG Hongwu, ZHAO Hanging, et al.
Incipient motion of sediment in presence of submerged
flexible vegetation[ ] ]. Water Science and Engineering,
2014,8(1) : 63-67.

[ 3] A% 5RFIR, o, 55, B WY -UAEY R S0A
BT AR S BT (1] RUAR K7 24 4, 2005, 28
(3):58-62. (LU Jun,ZHANG Limin, YUE Qiang, et al.
Effectiveness of purification of contaminated Xinyi River
by plant-microorganism in fall and winter seasons [ J ].
Journal of Nanjing Agricultural University,2005,28(3) .
58-62. (in Chinese) )

[ 4] SRAwd, ESCHF 2. & R T E 7K 3 ) 2 0 5 ik
JELT]. K BE2 ), 2007, 18 (3): 457461, (WU
Fusheng, WANG Wenye, JIANG Shuhai. Hydrodynamics
development in vegetated open channel[ J]. Advances in
Water Science,2007,18(3) : 457-461. (in Chinese) )

[ 5] B Ihas AR X2, IR ZE 5 IR DB A5 40 BAE

FABFFESEREL )] KA R )8 ,2015,35(2) « 77-

84. ( TANG Limo, SUN Huidong, LIU Quanshuai.

Research  development of the interaction between

turbulence structure and bedforms in open channel [ J].

Advances in Science and Technology of Water Resources,

2015,35(2) : 77-84. (in Chinese) )

A, 2GR K TE, 4F. 25T DANS 7 R A HLRE IR

TSR IR PRI ST [0 ] AT K2 2 4l (A AR 2

W) ,2014,42(3) ; 29-34. (LI Jiajia, LI Zhiwei, ZHANG

Changkuan, et al. Research on hydraulic characteristics of

[6

[

open-channel flow over rough bed based on DANS
equations [ J ]. Journal of Hohai University ( Natural
Sciences) ,2014,42(3) ; 29-34. (in Chinese) )

[ 7 ] POGGI D, PORPORATO A, RIDOLFI L. The effect of
vegetation density on canopy sub-layer turbulence [ J ].
Boundary-Layer Meteorology,2004,111:565-587.

[ 8 ] NEZU I, SANJOU M. Turburence structure and coherent

motion in vegetated canopy open-channel flows[ J . Journal

of Hydro-Environment Research,2008,2(2) ; 62-90.

=) S LI, S5 SN E A W oY I

[J]. KBk ,2014,25 (6): 915922, ( YAN Jing,

DAI Kun, TANG Hongwu, et al. Advances in research on

[9

[

turbulence structure in vegetated open channel flows[ J].

Advances in Water Science,2014,25(6): 915-922. (in

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

[21]

[22]

(23]

[24]

Chinese) )
EI-HAKIM O,SALAMA M M. Velocity distribution inside
and above branched flexible roughness[ J ]. Journal of the
Irrigation and Drainage Engineering, 1992,118 (6) :914-
927.
CAROLLO F G, FERRO V, TERMINI D. Flow velocity
measurements in vegetated channels [ J ]. Journal of
Hydraulic Engineering,2002,128(7) : 664-673.
RAUPACH M R. Turbulent in and above plant canopies
[J]. Annual Review of Fluid Mechanics, 1981,13; 97-
129.
NEPF H, GHISALBERTI M, WHITE B, et al. Retention
time and dispersion associated with submerged aquatic
canopies[ J ]. Water Resources Research,2007,43 (4) .
436-451.
TANG Hongwu, TIAN Zhijun, YAN Jing, et al.
Determining drag coefficients and their application in
modeling of turbulent flow with submerged vegetation[ J ].
Advances in Water Resources,2014,69 . 134-145.
NIKORA N, NIKORA V, O DONOGHUE T. Velocity
profiles in vegetated open-channel flows: combined effects
of multiple mechanisms [ J ]. Journal of Hydraulic
Engineering,2013,139. 1021-1032.
GHISALBERTI M, NEPF H M. The limited growth of
vegetated shear layers [ J |. Water Resources Research,
2004,40 (7) :196-212.
NEPF H M, VIVONI E R. Flow structure in depth-limited,
vegetated flow [ J ]. Journal of Geophysical Research,
2000,105(12) . 28547-28557.
LUHAR M, ROMINGER J, NEPF H. Interaction between
flow, transport and vegetation spatial structure [ J ].
Environmental Fluid Mechanics,2008,8 . 423-439.
CHENG N S, NGUYEN H T. Hydraulic radius for
evaluating resistance induced by simulated emergent
vegetation in open-channel flows[ J ]. Journal of Hydraulic
Engineering,2011,137(9) : 995-1004.
=) i 5 REL ) WD R KU BEL T B 3R U R Y S B T Y
[D]. FaL ITIfE K27 ,2008.
XN FEYVR . 28 Bl 12 HURE FE W B 5 S B X
[J]. T EVPEE,2003,23 (4) : 337-346. (LIU Xiaoping,
DONG Zhibao. Review of aerodynamic roughness length
[J]. Journal of Desert Research,2003,23(4) : 337-346.
(in Chinese) )
THOM A S. Momentum absorption by vegetation [ J ].
Quarterly Journal of the Royal Meteorological Society,
1971,97. 414-428.
fuf e, R 2% PF T WS R AR PE A WFSE [ D] g e« T
R ,2013.
NIKORA V, KOLL K, MCLEAN S, et al. Zero plane
displacement for rough-bed open-channel flows [ C]//
River Flow 2002: Proceedings of the International
Conference on Fluvial Hydraulics. Louvain-la-Neuve: [ s.
n. ],2002.:83-91.

(Uscki H 1:2015 -08 - 30 St B iR)

KA K, A ,2016,36(5)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn  hitp ://www. hehaiqikan. cn - 33 -



